Introduction
PMN inputs to the A1 MN population.
145
Neurotransmitter expression has been characterized for only a small fraction of the PMNs described here Table 2 ), and we did not identify any neurons co-expressing two fast 153 neurotransmitters.
154
Thus, we have identified 67 bilateral PMNs which innervate the MNs in segment A1, mapped all PMN-
155
MN synapses within segment A1, and determined neurotransmitter expression for the majority of the PMNs. We 156 conclude that PMNs target the majority of their pre-synapses to the dorsal neuropil, where they connect to other conclude that forward and backward locomotion are two distinct motor patterns, not simply the same pattern in 223 reverse, and that pre-motor/motor circuitry has the ability to drive two distinct patterns of rhythmic muscle Figure 8A ). This confirms and extends previous work showing that A14a creates a phase delay between LO1
290
(CMuG F2) and LT1 (CMuG F4) . We also observed a feedforward excitatory motif that could 291 help synchronize MN activity within individual CMuGs ( Figure 8B ) and a feedforward inhibitory motif that could 292 generate a phase delay between early CMuGs (F1/F2 or B1/B2) and late CMuGs (F4 or B4)( Figure 8B ).
293
Furthermore, we found another feedforward excitatory motif that could explain how MNs innervating different
294
CMuGs show overlapping peak activity later in the contraction cycle within a segment. The previously described CMuG which fires with a delay after F1/F2 MNs, and thus when A27h activates CMuG F3, it also activates 298 A18b2 and A18b3, hence ensuring continued excitation to earlier CMuGs F1/F2 ( Figure 8C ). These motifs 299 provide testable hypotheses for how specific phase relationships between CMuGs are generated by PMNs.
301
Intersegmental phase delays during forward or backward locomotion 302 We identified both feedforward excitation and feedforward inhibition motifs that could explain the 303 sequential activation of a specific CMuG in adjacent segments during peristaltic motor waves. The excitatory 304 PMN A27k (preferentially connected to CMuG B4) is involved in a feedforward inhibitory circuit in which it 305 excites the inhibitory local PMNs A02e and A02g (preferentially connected to CMuG B1/B2). This motif could 306 terminate B1/B2 activity and allow B3/4 activity as the contraction wave moves posteriorly ( Figure 8D ). A27k 307 also synapses in the next anterior segment with the trio of excitatory neurons described above (A01c1, A01c2, and Synapse spatial distributions were generated using custom MATLAB scripts. Spatial distributions were 523 determined using kernel density estimates with a 1 µm bandwidth. For cross-sectional spatial distributions, points 524 were rotated -12 degrees around the Z-axis (A/P axis) in order to account for the slight offset of the EM-volume.
525
For pre-synaptic sites ( Figure 3D ) polyadic synapses were weighted by their number of post-synaptic targets. imaging was done with a 10x objective on an upright Zeiss LSM800 microscope. We recorded a total of 38 waves
552
(24 forward and 14 backward) from four different animals, and examined muscle calcium activity in two 553 subsequent hemi-segments for each wave. Muscle length measurement was done using custom MATLAB scripts 554 where muscle length was measured on a frame by frame basis. Calcium imaging data was also analyzed using 555 custom MATLAB scripts. Due to movement artifacts, ROIs were updated on a frame by frame basis to track the 556 muscle movement. ROIs that crossed other muscles during contraction were discarded. In no single preparation 557 was it possible to obtain calcium traces for all 30 muscles. Instead, we used only preparations in which at least 558 40% of the muscles could be recorded. In order to align crawl cycles that were of variable time and muscle 559 composition, we first produced a 2 dimensional representation of each crawl cycle using PCA. Crawl cycles were PCA trajectory is slightly different for each crawl cycle, we reasoned that because each experiment contained 567 muscles from every CMuG, the peak amplitude in PCA space should still correspond to a good approximation of 568 the midpoint of the crawl cycle. We defined the width of a crawl cycle as the width of this 2D peak at half-height 569 ( Figure 5 -figure supplement 1G) . We aligned all crawl cycles to the crawl onset and offset (which we call 25% given by a rectified cosine pulse of activity whose start and end times depend on the CMUG to which it belongs.
623
The first CMUG is active for 2 s, and subsequent CMUGs activate with a delay of 0.25 s between each group and 624 end with a delay of 0.125 s between groups. The participation of MNs in CMUGs and the order in which the 625 segments are active during FWD and BWD crawling are inferred from the data (Figures 2 and 7) .
626
Constraints are placed on the model parameters based on knowledge of the circuit. 
707
(B) Dorsal view of centered on the A1 segment; midline, arrowhead. MNs are color-coded as in Figure 1B . 
896
(A-B) Synapse numbers between the six excitatory proprioceptors (dbd, vbd, vpda, dmd1, ddaD, and ddaE),
897
PMNs, and MNs. PMN intra-group connectivity not shown. 
